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Abstract
A natural sap from mature coconut palm known as coconut neera is enriched with essential minerals
and vitamins. Rapid microbial fermentation affects neera processing industries because it spoils the
physicochemical properties. There are various methods in preservation that extends the shelf life of
coconut neera. The addition of nisin is one of the methods which protect neera against fermentation.
Therefore, the study is focused to identify the effective combination of nisin (50 ppm) with preservatives
like sodium benzoate (500, and 1000 ppm), and calcium carbonate (2500, and 3000 ppm) at two
different combinations in neera. At the end of 21 d, 3000 ppm calcium carbonate with 50 ppm nisin in
N4 treatment had an effective reduction of 120 × 105 CFU/ml and 143 × 102 CFU/ml for total bacteria
and total yeast count. The reduced microbial survival resulted in the pH of 10.45 ± 0.05, total soluble
solids of 15.43 ± 0.12 °Brix, and total acidity of 1.11 ± 0.04 mg/ L, at this combination. The treatment
of nisin with 3000 ppm calcium carbonate demonstrated the high red fluorescence bacterial cells
than the treatment of nisin with 1000 ppm sodium benzoate. Additionally, the microorganisms in
N4 treatment precipitated 65.34% Ca2+ from 79.96% in XRF intensity analysis. The synergistic effect
of nisin and calcium carbonate explored their antimicrobial activity against the heterogeneous
microbial population in coconut neera. The concentration of 3000 ppm calcium carbonate and nisin
50 ppm preserves the physicochemical and sensory qualities, up to 21 d at 4°C, and offer hope for the
industrial-scale implementation.
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INTRODUCTION
The inflorescence sap of coconut neera
is the abundant source of sucrose (16.19 g/ 100
mL), minerals such as K-68.4 mg/ 100 mL, Na90.6 mg/ 100 mL, P-3.9 mg/ 100 mL, vitamins
and proven low glycemic index drink (GI-35) with
added medicinal benefits of nephroprotective, and
hepatoprotective activity.1 In addition, the natural
sap is the source of indigenous microorganisms
such as Bacillus, Lactobacilli, Micrococci,
Enterobacter, Leuconostoc, Saccharomyces,
Candida, and Pichia.2 These microbes ferment the
neera in a rapid way, and affected the palatability
by producing the astringency, unpleasant volatile,
cloudy appearance which gives economic loss to
the neera entrepreneurs.3,4 However, the natural
sap preserved by the existing technology through
the combination of preservatives (citric acid and
sodium metabisulphite), processing methods such
as centrifugation, filtration and pasteurization.5
Another patented technology preserved the
neera by acidification, preservatives such as
nisin and pasteurization.6 Though the developed
technologies bestow towards effective shelf life
enhancement of neera, they might deplete the
quality attributes due to thermal pasteurization.7
To overcome these disadvantages, the current
study is designed to minimize the processing
methods by adding antimicrobial agents for
retaining the physicochemical and sensory
properties.
The bio-preservative nisin (E234)
from Lactococcus lactis classified as “Generally
Recognized as Safe” for the food industry by World
Health Organization has antimicrobial peptides that
are widely used against gram-positive organisms
and spores.8 Previous study reported that the
application of nisin at a maximum concentration
of 100 µg/ mL in wine effectively inhibited lactic
acid fermentation. 9 However, the microbial
inactivation mechanism of ion-permeable pores in
the cytoplasm is reported mainly for gram-positive
bacteria than gram-negative bacteria.10 Hence,
their combination with chemical preservatives
can affect the heterogeneous microbial (grampositive, gram-negative bacteria, yeast) growth in
neera. Calcium carbonate (E170) is the widely used
alkaline additive with a varied role in industries;
nutritional supplements, curing agent, bulking
agent, and modifiers. Traditionally, calcium
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carbonate is coated on the neera collection vessel
to extend the storage period.11 As per the Food
Safety and Standard Regulations 6.1.19 (FSSR,
2010), the maximum ppm of 5000 allowed for
calcium carbonate in food preservation. Earlier
studies reported that nanoparticles of calcium
carbonate showed antimicrobial activity for
gram-positive and gram-negative bacteria. The
minimum inhibitory concentration (MIC) of 125
µg/ mL and 62.5 µg/ mL were reported against
the gram-positive and gram-negative bacteria.12
Likewise, Sodium benzoate (E211) is another
preservative used in fresh juice, margarine, sweet
products against the fungi. The study in black
olive fermentation reported that 1000 ppm of
sodium benzoate reduced the yeast count upon
storage.13 Hence, the current study is aimed to
control heterogeneous microbial communities of
neera by nisin in combination with preservatives
(sodium benzoate, and calcium carbonate), and
assess the quality changes during storage.
MATERIALS AND METHODS
Addition of preservatives to the coconut sap
The collected fresh coconut neera was
screened for pH and total soluble solids (≥ 6 and 15
°Brix), and then the sample was taken for further
treatment. Based on the preliminary study, four
different combinations (N1, N2, N3, and N4) were
selected for the study. N1 and N2 contain sodium
benzoate (Ganesh Benzoplast, India) of 500
ppm and 1000 ppm, respectively, while calcium
carbonate (Local market, Thanjavur) of 2500 ppm
and 3000 ppm were ascertained for N3 and N4
along with 50 ppm of nisin (Bimal Pharma Pvt. Ltd,
India). Fresh coconut neera without preservatives
was taken as control (C). The control and treated
samples were stored at 4°C and analyzed for
physicochemical, microbial, and sensory changes
during 0, 3, 6, 9, 12, 15, 18, and 21 d of storage.
Microbiological analysis
The total viable bacteria and yeast in the
control (C) and treated (N1, N2, N3, N4) samples
were analyzed using a serial dilution method. For
the enumeration of bacteria and yeast, plate count
agar and oxytetra glucose yeast agar base (HiMedia, Mumbai, India) were used. After spreading
the diluted sample, plates were incubated at 30 ±
2°C for 24 and 72 h, respectively.14 The observed
colonies were expressed in the colony-forming unit
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www.microbiologyjournal.org

Sukumaran & Radhakrishnan|J Pure Appl Microbiol|15(4):2050-2058|December 2021|https://doi.org/10.22207/JPAM.15.4.27

XRF analysis
The freeze-dried treated whole sample
and sediment mineralogy was analyzed using
an X-ray fluorescence spectrometer (XGT-5200,
Horiba, Japan) equipped with an X-ray tube of 50
kV and a peltier cooled silicon drift detector.17
The Sensory evaluation
A trained panelist of eight judges from the
Indian Institute of Food Processing Technology has
scored the values using the nine point scale. The
coded samples were presented in white cups, and
their intensity of appearance, color, flavor, taste,
after taste, consistency, and overall acceptability
were scored on the respective storage days.
Statistical analysis
The experiments were carried out in
triplicates. The values were evaluated statistically
from 0 to 21 d by Student’s t-test (SPSS.23). The
p-value < 0.05 denotes the significant difference
between the storage days.

(CFU), and more than 300 CFU/ml in storage days
were denoted as too numerous to count.15
Physicochemical analysis
Aseptically drawn samples were analyzed
for pH through the ELICO pH meter (L1 120 model). The percentage of CO2 was measured
using PBI Dansensor. Hunter color parameters
(Lightness, redness, and yellowness) of the neera
samples were measured using a colorimeter (Color
Flex EZ - 45/0LAV). The total soluble solids of the
neera sample were measured by a hand-held
refractometer (RHB - 55ATC), and results were
expressed in °Brix. The total acidity of neera was
analyzed against 0.1 N NaOH with the addition of
a phenolphthalein indicator.
Microscopic analysis
The treatment effect on the microbial
population of neera was evaluated by the
live/dead cells staining using confocal laser
scanning microscopy (model LSM 710 - Carl Zeiss
Microscopy GmbH, Germany). For differentiating
the viable and non-viable cells, the fluorescent
dyes mixture of acridine orange and propidium
iodide were added (1 µg in 1 µL) into the cells.
Before the addition, the treated coconut neera
sample was centrifuged at 10,000 × g for 5 m, and
the collected pellet was washed with phosphate
buffer solution.16 The stained cells were excited
and detected using Argon laser (488-nm laser
excitation) with a long pass from 500 to 640 nm.
The image analysis was performed using Zen 2009
image software.

RESULTS AND DISCUSSION
Addition of preservatives against the microbial
growth in neera
The microbial population analysis in plate
count revealed that the reduced total bacteria, and
yeast count in N4 treatment (nisin 50 ppm with
calcium carbonate 3000 ppm) than the N3 (nisin 50
ppm with calcium carbonate 2500 ppm) treatment
(Table 1). Whereas, other treatments such as N1,
N2, and control sample (C) had more than 300
CFU/ml for the bacteria and yeast population upon

Table 1. Total bacterial and yeast count (CFU/ml) of fresh and treated coconut neera during the storage days at 4°C
Storage			Total Bacteria (105)			 Total yeast (102)
days
C
N1
N2
N3
N4
C
N1
N2

N3

N4

0
3
6
9
12
15
18
21

7
70
130
220
233
243
250
260

10
10
30
47
67
107
123
143

120
*
*
*
*
*
*
*

130
270
*
*
*
*
*
*

120
230
*
*
*
*
*
*

3
10
30
60
100
110
130
160

1
3
8
17
37
73
100
120

160
*
*
*
*
*
*
*

67
247
*
*
*
*
*
*

63
203
*
*
*
*
*
*

* Represent TNTC (Too Numerous To Count) colonies on storage days.
Abbreviation mentioned in the table throughout denotes: C - Control neera without treatment, N1 – Neera treated with 50 ppm
nisin and 500 ppm of sodium benzoate, N2 - Neera treated with 50 ppm nisin and 1000 ppm of sodium benzoate, N3 - Neera
treated with 50 ppm nisin and 2500 ppm of calcium carbonate, N4 - Neera treated with 50 ppm nisin and 3000 ppm of calcium
carbonate. The values in the table represent the mean of triplicate.
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storage days. The enhanced antimicrobial activity
of nisin with calcium carbonate significantly
reduced microbial growth in coconut neera than
the nisin with sodium benzoate treatment. 18
The added concentration of 3000 ppm calcium
carbonate in N4 treatment suppressed the
microbial growth in highest count such as
120 × 105 CFU/ml for total bacteria and 143 × 102
CFU/ml for yeast at the end of the storage period
(21 d). Whereas, the lowest ppm of 2500 calcium
carbonate in N3 treatment reduced the growth as

160 × 105 and 260 × 102 CFU/ml for total bacteria
and yeast.
Detection of viable and non-viable cells by
microscopy
The live and dead cells between treatment
demonstrated the antimicrobial activity in neera.
In Fig. 1(a) the control sample (C) without
preservatives exhibited large number of green
fluorescence bacterial cells and it affect the
coconut neera by lactic acid fermentation.19 The
treatment of N2 expressed more non-viable yeast

Fig. 1. Detection of viable and non-viable cells in coconut neera by confocal laser scanning microscopy. Observation
of cells from neera (control) without treatment (a) cells from nisin (50 ppm) and sodium benzoate (1000 ppm) added
neera (b) cells from nisin (50 ppm) and calcium carbonate (3000 ppm) added neera (c). Green cells represent live
microorganisms, while red cells represent dead microorganisms.
Journal of Pure and Applied Microbiology
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Note: ND means not detected. * Indicates no difference on the delta E value of fresh neera (L* 58.13 a* 0.36 and b* 9.26). Data are shown as means ± standard deviation of n = 3 independent
experiments. The different alphabets in storage indicate significantly different at 0.05 level between the 0 d to 21 d. Abbreviation mentioned in the table denotes: C - Control neera without
treatment, N1 – Neera treated with 50 ppm nisin and 500 ppm of sodium benzoate, N2 - Neera treated with 50 ppm nisin and 1000 ppm of sodium benzoate, N3 - Neera treated with
50 ppm nisin and 2500 ppm of calcium carbonate, N4 - Neera treated with 50 ppm nisin and 3000 ppm of calcium carbonate. The values in the table represent the mean of triplicate.

*
3.41±0.00
6.85±0.39
7.23±0.03
9.41±0.29
12.17±0.06 f
12.27±0.06 f
12.37±0.06 h
15.27±0.06 g
15.43±0.12 g
19.70±1.71
17.77±0.15
18.13±0.15
18.83±0.29
19.33±0.29
11.83±0.12 h
9.13±0.02 h
10.07±0.02 h
1.23±0.02 h
1.11±0.04 g
0.19±0.02
0.20±0.00
0.26±0.00
0.14±0.01
0.12±0.02
55.53±0.20 h
32.7±0.00 h
25.66±0.23 h
12.37±0.11 h
6.83±0.06 g
ND
ND
ND
ND
ND

0d
21 d
0d

7.58±0.01
2.38±0.01 f
7.16±0.03
2.53±0.03 f
7.27±0.00
3.48±0.14 h
9.67±0.01
5.62±0.01 f
110.82±0.03 10.45±0.05 b
C
N1
N2
N3
N4

21 d
0d
21 d
0d
21 d

Total acidity
(mg/ L)		
CO2 (%)
Treatment
pH		
				

Table 2. Physicochemical changes in fresh and treated coconut neera during storage days at 4°C

Total solids		
soluble (°Brix)		

0d

Color
(∆E)

21 d

cells (red fluorescence cells) than the bacterial cells
(Fig. 1b). This combination was ineffective against
the bacteria because the added preservative
of sodium benzoate developed acidic pH which
affected the solubility of nisin , and it generally
effective towards acidic foods.20 In the presence of
nisin and calcium carbonate, there was an increase
in the non-viable bacterial cells (red fluorescence
cells) which arrest the lactic acid fermentation
(Fig. 1c). The reduced bacterial viability confirms
the solubility of nisin and their inhibitory activity
at this combination.
Calcium microbe precipitation by XRF analysis
The calcium microbe precipitation in N4
(nisin 50 ppm with calcium carbonate 3000 ppm)
treatment was identified through XRF intensity
analysis. The intensity of the total treatment
was observed with the 79.96% of calcium and
sediment portion of the same treatment reveled
the percentage of 65.34% (Fig. 2a, b). The resulting
percentage in the sediment evident that the sugar
rich medium of neera favors the mechanism of
precipitation between microbes and minerals.21
The intensity of zirconium (Zr) indicated synthesis
of new bio mineral from the precipitation reaction
than other minerals of fresh coconut neera (K,
Na, Mg, Fe, Ca, and Zn).22 These findings suggest
that the precipitation of calcium with indigenous
microorganisms had a better inhibition against the
spontaneous fermentation.23
Physicochemical properties of treated neera
The combination effect of preservatives
with nisin on the physicochemical qualities of
coconut neera were presented in Table 2, and their
significant changes between three days interval
were tabulated in supporting document. The
results revealed that C and N1, and N2 treatment
had significantly reduced the pH. However, N4
treatment at the end of 21 d showed a higher pH of
10.45 ± 0.05 from the 0 d control. The pH reduction
in sodium benzoate treatments might be due to
the production of lactic acid, acetic acid, and citric
acid in neera at a temperature of 4°C. Moreover,
the pH changes in the C, N1, and N2 were similar
to the pH of fermented neera. 2 Addition of
calcium carbonate in N3 and N4 increased the
pH than other treatments. Along with pH, the
physicochemical property of CO2 increased in
storage days with the greater percentage of 55.53
± 0.21, 32.70 ± 0.00, and 25.67 ± 0.23 in C, N1, and

37.63±0.02 h
35.53±0.02 h
33.61±0.02 h
31.37±0.01 h
28.79±0.01 h
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N2 respectively. This changes in storage indicates
the conversion of sucrose by vigorous microbial
action of the yeast in N1, N2, and C.24 Whereas,
N3 and N4 treatments exhibited less production
of CO2 due to the alkali-resistant Bacillus and yeast
cells.25
A c c o r d i n g t o t h e fe r m e n t a t i o n
phenomenon, C, N1, and N2 treatment had
changes in total soluble solids and total acidity.
Their quantification in storage days were similar to
the trend of fermented neera than treatment of N3
and N4.26 The acidity from lactic acid fermentation
was increased as 1.23 ± 0.02 and 1.11 ± 0.04 mg/ L
in N3 and N4 respectively which was least acidity
in storage. Addition of sodium benzoate in N1 and
N2 treatments were ineffective in controlling twostage fermentation by the bacteria and yeast.27 The

better total soluble solids and acidity in N3 and
N4 might be due to the precipitation reaction of
microbes-calcium.28
The treatment effect on the color of
the neera was depicted as color difference (∆E)
from the L, a, b values (Table 2). The combination
of nisin and sodium benzoate quickly increased
the ∆E values between the storage period, and it
causes a significant difference from the 0 d control.
The addition of calcium carbonate in N3 and N4
had a high impact on whitening the neera color
compared to sodium benzoate treatment.29 The
undissolved and light scattering calcium carbonate
particles in the treatment-induced the 0 d color of
neera in N3 and N4. At the end of storage studies,
the increased solubility of calcium carbonate
produced the least color difference of 31.37 ±

Fig. 2. XRF patterns of minerals from nisin (50 ppm) and calcium carbonate (3000 ppm) treated coconut neera
(a) whole treated sample includes the sediment (b) sediment of treated sample. The spectra explains the various
mineral determinants.
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Fig. 3. Sensory properties of coconut neera during storage at 4 °C. (a) Control neera (b) Neera treated with nisin
(50 ppm) and sodium benzoate (500 ppm) (c) Neera treated with nisin (50 ppm) and sodium benzoate (1000 ppm)
(d) Neera treated with nisin (50 ppm) and calcium carbonate (2500 ppm) (e) Neera treated with nisin (50 ppm)
and calcium carbonate (3000 ppm).

affect the sensorial properties in any of the neera
combinations.9

0.01 and 28.79 ± 0.01 ∆E in N3 and N4 treatments
respectively.
Evaluation of sensory attributes in treated neera
The treatment of N4 (Fig. 3e) exhibited
better sensory properties for a longer period of
21 d as compared to other treatments. Whereas
calcium carbonate concentration of 2500 ppm in
N3 lost its sensorial properties on 15 d (Fig. 3d).
The sample of C, N1 and N2 samples lost their
sensory properties with a shorter period of 3 d
(Fig. 3a, b & c). The decreased trend of sensorial
properties in increasing storage days was due to
the physicochemical changes. The treatment of
N4 (nisin 50 ppm with 3000 ppm) with calcium
carbonate had better sensory characteristics
for more extended period than N3 treated
sample. Finally, added 50 ppm nisin did not
Journal of Pure and Applied Microbiology

CONCLUSION
The addition of sodium benzoate and
nisin in neera was ineffective against the microbial
growth and resulted the similar physicochemical
and sensory quality of fermented neera. The
enhanced antimicrobial activity of calcium
carbonate with nisin against the bacteria and yeast
preserved the quality of coconut neera. However,
3000 ppm of calcium carbonate with 50 ppm nisin
was found to be effective to control high number
of indigenous microorganisms that preserve the
physicochemical, and sensory qualities.
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